INTRODUCTION
Brazilian state of Rio Grande do Sul (RS) has approximately 50,000 hectares cultivated with vines, having the largest area with this crop in Brazil. From the 1970s, part of the RS state Campanha natural field soils were incorporated into wine grape (such as 'Cabernet Sauvignon') production systems, with grapes being used for fine wines production. This region is dominated by Paleaudalfs that have sandy surface texture and low fertility, whose nutrient content, such as exchangeable potassium (K), is at medium or low availability rates (BRUNETTO et al., 2007) . Therefore, the application of fertilizers, such as potassium-based ones, is essential during pre-planting and/or maintenance throughout the production cycle.
Plant K participates in substance synthesis, enzyme activation, photosynthesis and cell osmotic potential maintenance (KODUR et al., 2009) . Although K is one of the most demanded macronutrients by vines and is exported in the highest quantities by bunches, it may not have a Ciência Rural, v.46, n.8, ago, 2016. direct impact on grape yield and its components, such as the number of bunches and the weight of 100 berries (BOONTERM et al., 2010; SCHREINER et al., 2012) . The reason for this is because its functions are related to plant metabolism. However, when K is absorbed and transported within the plant, it can be diagnosed on the leaves, particularly if collected during flowering, since it is a period in which they are growing and having intensive cell division. In addition, it can also be diagnosed in leaves collected during berries color changing (STELLACCI et al., 2010) . However, analysis of leaves collected during berries color changing not always indicates vines K content, because part of the nutrient can be redistributed from leaves to other organs in growth, such as berries or reserve organs, such as more than a year old branches and roots (TAGLIAVINI & SCANDELLARI, 2013) . Conversely, potassium fertilizers application in vineyards and, consequently, its exchangeable form increase in the soil can affect must composition, sugars content (90% of them being represented by total soluble solids -TSS), pH values and total values of titratable acidity (TTA), polyphenols and anthocyanins are used to diagnose must composition (BOONTERM & SILAPAPUN, 2013) .
High K levels in berries, and consequently in the must, can cause sugars reduction, impairing must fermentation (WALKER & BLACKMORE, 2012) , causing must pH elevation and TTA decrease, which increases wine oxidation susceptibility (MPELASOKA et al., 2003) . However, in vines grown in most of the wine-growing regions of Brazil, including the RS Campanha, there are few studies on the production influence of K content increase in the soil, and especially in the must composition, which may impact wine composition. The study aimed to assess the interference of exchangeable K content in the soil on its leaf content, production and must composition of 'Cabernet Sauvignon' cultivar.
MATERIALS AND METHODS
The experiment was conducted in Santana do Livramento, RS Campanha region, Brazil, in 2012/13 and 2013/14 harvests. The soil of the vineyards was a Paleaudalf. Climate, according to Koppen classification, is humid subtropical, Cfa2 type, which is characterized by mild temperatures and rain with little variation throughout the year. Average annual rainfall is 1,600mm, the warmest month average temperature (January) is 23.8ºC and the coldest month average temperature (July) is 12.4ºC. was the cultivar, espalier was the conduction system and vines had the same number of gems in winter pruning. The experimental design was of randomized blocks with three repetitions, and each plot was formed for twenty plants, with ten central plants being assessed. In 2012/13 and 2013/14 harvests, during vines full flowering (October) and berries color changing (January), two leaves opposed to the first bunch were collected, in each of the 10 central plants in each plot. Leaves were dried in an oven with forced air at 65°C, milled and prepared for total K content analysis (TEDESCO et al., 1995) .
In February of 2012/13 and 2013/14 harvests, during grape maturation, number of bunches per plant was counted. Subsequently, bunches were weighed using a digital scale. Five bunches were randomly separated, and 100 berries were collected at the top, middle and bottom of each bunch, being weighed on a digital scale. Berries were grounded and total K content and TSS values were determined in the must using a digital refractometer; pH value was determined using a digital potentiometer and TTA was determined by titration with NaOH 0.1mol L -1 (BRUNETTO et al., 2009) . Furthermore, total anthocyanins analysis was performed by absorbance reading at 540nm. Results were expressed in malvid in mg L -1 . In addition, total polyphenols concentration was analyzed by reaction with Folin Ciocalteu. Absorbance reading was conducted at a wavelength of 765nm, with results being expressed in mg L -1 . Total K content was also determined (TEDESCO et al., 1995) .
Results were statistically analyzed through orthogonal contrasts, as follows: and 2013/14 harvests, grape production parameters average, 100 berries weight, total K content in the leaves, berries K and yield components were subjected to Principal Component Analysis (PCA).
RESULTS AND DISCUSSION
Production and its components and total K content in leaves and berries
In the 2012/13 harvest, grape production has not statistically differed between vineyards (Table 1) . This is possibly because water availability in the soil, especially during the vegetative and Table 1 -Yield and its components in the total K content in berry, K exported by berries and total K content in leaves in 'Cabernet Sauvignon', grown in vineyards with increasing levels of exchangeable K in the soil and significance of mean comparisons by contrasts.
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Total berries K kg vine productive period (August to February), was sufficient, favoring nutrients supply, including K in particular, by diffusion to vine roots outer surface. Subsequently, the K ion may have been absorbed by the plants through specialized channels, following an electrochemical gradient (KODUR et al., 2009) . Inside the plant, K transport occurred via xylem and phloem, and was accumulated in growth organs, with higher nutrient demand (KODUR et al., 2009) . Conversely, the other production components significantly varied between vineyards. Average bunch mass was larger in vineyards 4 and 5 in relation to vineyards 1, 2 and 3 ( Table 1 ). Number of bunches per plant was higher in vineyards 1 and 3 in relation to the vineyard 4, while there was no significant difference in the number of bunches per plant in other vineyards. Vineyards 2 and 3, which were not statistically different from each other, had the highest 100 berries weight in relation to the vineyard 4, while there was no difference in this parameter between vineyard 1and the others. K content in the leaves collected during vines full flowering in the 2012/13 harvest was higher in vineyards 4 and 5 in relation to the other vineyards (Table 1 ). This can be attributed to exchangeable K contents in the soil, 95 and 111 mg kg 1 , respectively, higher than contents observed in vineyards 1, 2 and 3. Thus, higher K supply, absorption and accumulation in plants are expected, especially in accumulation organs during the summer period, such as leaves that are in intensive cell division, becoming nutrient drainers (TAGLIAVINI & SCANDELLARI et al., 2013) . Thus, the absorbed nutrient supplies the physiological needs and forms reserves in the plant (BRUNETTO et al., 2006) . However, total K content in the leaves has not varied between vineyards during berries color changing. Vine nutrient content diagnosis is not always correct by the analysis of leaves collected during berries color changing (TAGLIAVINI& SCANDELLARI et al., 2013) , such as K in vines, because the nutrient in ionic form can be redistributed from leaves to other organs in growth, such as bunches, or in lower amounts to other nutrient reserve organs, such as roots or branches that are more than one year old (BRUNETTO et al., 2006) .
The highest total K content in berries was observed in the vineyard 5, followed by vineyard 4. The total K content in the grapes of the other vineyards has not differed in the 2012/13 harvest (Table 1) . This can be attributed to the highest exchangeable potassium availability in the soil of vineyards 4 and 5, which was of 95 and 111mg kg -1 , respectively. Part of the absorbed K may have been transported to bunches, especially berries, which during the cycle increase the mass and become nutrient drainers, especially K (KODUR et al., 2009 ). In addition, part of the K accumulated in other vine organs, like leaves, especially in the vineyards with higher exchangeable K content in soil, as diagnosed in the leaves collected during full flowering in the vineyard 4, may have been redistributed from leaves to berries in growth (TECCHIO et al., 2011; KODUR, 2011) .
In the 2013/14 harvest, vineyard 3 showed the highest grape production in relation to vineyards 1, 2 and 4 (Table 1 ). This result may be associated with other production components, such as bunch number and mass. Leaf K content during full flowering was lower in vineyard 1 in relation to vineyards 3 and 4. In color changing, K content in the leaves was lower in vineyard 2. Consequently, K content in the berry was higher in the vineyard 4, differentiated from the others.
Grape production in the 2012/13 harvest, in all vineyards, was higher than that observed in the 2013/14 harvest (statistic not shown) ( Table 1 ). This possibly occurred as a result of rainfall appropriate volume and distribution in the 2012/13 harvest, which favored the K supply, among other nutrients, to the vines. With the appropriate rainfall amount and distribution, in addition to increasing water and nutrients availability to the vines, cover crops who lived around the vineyards growth was probably favored, providing higher nutrient absorption, with K among them. At the end of the cycle, with cover crop species shoot senescence or cutting, waste was deposited on the soil surface. During decomposition, K and other nutrients have been released into the soil, especially in the soil upper layers, where thinner roots that are responsible for the increased nutrient absorption by vines are observed (KODUR et al., 2009 ). In addition, vines in production have roots in deeper soil layers, which can also contribute to K absorption, although probably in lower amounts (KODUR et al., 2009 ). In the 2013/14 harvest, rainfall volumes above normal for the region (over 100mm) were observed, which extended from September 2013 until March 2014 (data not shown). This possibly stimulated the incidence of fungal diseases in bunches, which was reflected in lower grape production compared to the previous harvest.
Must composition
In the 2012/13 harvest, must TSS content was higher in the vineyard 1, in relation to all other vineyards (Table 2 ). In part, this may be explained by the lower mass of 100 berries observed in vineyard 1 (Table 2) , which gives higher TSS concentration in the berry. In vineyards 2 and 4, higher TSS contents were observed in relation to the vineyard 5 must. In part, this can be attributed to the higher mass of 100 berries observed in vineyard 5, which indicates high peel/pulp correlation. That is, sugars dilution in relation to vineyards 2 and 4. High K content in the berry can also be explained, which influences sugars accumulation, since after the bunch color changing phase, K tends to be accumulated in the fruit, decreasing sugars concentration (CONDE et al., 2007) .
The pH value in vineyards 4 and 5 must has not statistically differed from each other, and were higher than the values observed in the must of the other vineyards in the 2012/13 harvest (Table 2 ). Higher pH values in the must of vineyards 2 and 5 may be attributed in part to the higher K content in the berries (Table 2 ). Higher K contents in the berries can promote pH values increase in must through acid protons (H + ) stoichiometric exchange by K ion. K bitartrate is thus formed, Table 2 -Total soluble solids (TSS), pH, total titratable acidity (TTA), total polyphenols and anthocyanins in the must of 'Cabernet Sauvignon', in vineyards with increasing levels of exchangeable K in the soil and significance of mean comparisons by contrasts. which is a salt that can be precipitated in the wine, damaging its quality, modifying the taste, and determining higher oxidation power, i.e., lower wine storage time (WALKER & BLACKMORE, 2012) . These results corroborate with those obtained by BOONTERM & SILAPAPUN (2013) , who observed must pH value increase with K application in the soil of the vineyards. In general, must pH values observed in the present study may be considered high, because pH values higher than 3.50 preclude must fermentation, altering organoleptic characteristics, color, flavor and wine oxidation power (MPELASOKA et al., 2003; ROGIERS et al., 2006) . TTA in the must of vineyard 5 was higher than that observed in the must of the other vineyards in the 2012/13 harvest. Vineyard 3 must showed higher TTA than that observed in vineyards 1 and 2. Such results may be related to higher pH values in the must of vineyards 4 and 5, caused by higher K content in the grapes these vineyards.
The highest total polyphenols content in the 2012/13 harvest was observed in the must of vineyard 2, and the lowest in the must of vineyard 1, with no statistical difference in the total polyphenol contents checked among vineyards 3 and 4 and among vineyards and 3 and 5 (Table 2) . These results corroborate with those obtained by BOONTERM & SILAPAPUN (2013) in a vineyard in Southern China, where K effects on the soil over total polyphenol content were only observed when high doses of K and N were applied.
Total anthocyanin content in the must of the 2012/13 harvest was higher in the vineyards 2 and 4 compared to the other vineyards (Table 2) . Vineyard 5 total anthocyanin content has not differed from vineyard 1 in the 2012/13 harvest. One possible explanation for the lower total anthocyanins content in the must of Vineyard 5 may be the increased K availability in the soil, which increased K concentration on berries. In addition higher pH value was also observed, which affects these compounds ionization (CONDE et al., 2007) . In vineyards with lower production, fewer bunches and increased plant growth, anthocyanins distribution from berries to parts of the plant in growth may occur, such as branches and leaves, and there may be decreased enzyme activity, which regulate anthocyanins synthesis (BRUNETTO et al., 2009 ).
In the 2013/14 harvest, the must of vineyard 1 had the highest SST value. In the other vineyard musts, values have not statistically differed. Must pH value was higher in the vineyard 4. These results corroborate with those obtained in the previous harvest (2012/13), where the highest K content in the soil of vineyard 4 increased nutrient content in the berry and must pH value. Vineyard 3 had the lowest TTA (25meq L -1 ) in relation to the others, which have not showed statistical difference. Total polyphenols and anthocyanins content in the 2013/14 harvest were higher in the vineyard 4.
In the 2012/13 harvest, PCA showed that factor 1 separated vineyards 1 and 2, explaining 73.79% of the data (Figure 1a) . Variables that contributed the most were production, weight of 100 berries and total K content in leaves during full flowering and in the berry. In addition, must components also contributed, such as TSS, and total polyphenols and anthocyanins. This result showed that the K content in the soil influences the vast majority of production components, plant nutritional status and must composition. Factor 2 separated the other vineyards and explained 21.25% of the results. Must TTA was the variable that most contributed. In the 2013/14 harvest, PCA shows that factor 1 separated vineyards 3 and 4, explaining 62.7% of the results (Figure 1b) . Grape production, in addition to must components, TTA, pH and anthocyanins, were the variables that contributed the most to this result. Vineyards 1 and 2 were separated by factor 2, which explained 36.16% of the data. Variables that contributed the most were the mass of 100 berries and total K content in the leaves during full flowering and in the berry. In addition, must components, such as TSS and total polyphenols also contributed.
K content in the berry, K in the leaves in full flowering and TSS values have a high correlation among them (Figures 1a, 1b) . Conversely, production was not highly related with these attributes. One possible explanation is that, in vineyards where there was higher K availability in the soil, nutrient content increase in the leaves was not diagnosed (Table 2) .
CONCLUSION
Exchangeable K content higher in soil with sandy surface texture increased its content in the leaves collected during full flowering and berries. Must composition was changed, and the pH was higher in vines grown in the soil with higher K content. The highest SST content in the must occurred in the vineyard with the lowest K content in the soil. However, K contents in the soil have not affected 'Cabernet Sauvignon' cultivar production. 
